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FILTER CAKE DEGRADATION COMPOSITIONS AND METHODS 
OF USE IN SUBTERRANEAN OPERATIONS 

BACKGROUND OF THE INVENTION 

[001] The present invention relates to methods and compositions for degrading 
filter cakes in subterranean formations, and more specifically, to improved methods and 
compositions for degrading filter cakes that comprise acid-soluble portions and polymeric 
portions. 

[002] Many oil and gas wells in unconsolidated or poorly consolidated 
sandstone formations are completed "open hole," meaning that the well bores do not 
contain casing or liners. Although this type of completion allows the produced fluids to 
flow directly into the wellbore, it suffers the disadvantage that the sandface is 
unsupported and may collapse. Also, selective treatments or remedial operations within 
the reservoir section may be more difficult. 

[003] Unconsolidated or poorly consolidated formations generally are high 
permeability production intervals and are drilled with specialized fluids referred to in the 
art as "drill-in fluids." A drill-in fluid generally comprises two components: particulate 
solids (e.g., for bridging on the pore throats of the sandstone of the formation); and 
polymeric components {e.g., for providing viscosity and fluid loss control). Under 
pressurized downhole conditions, the drill-in fluid may form a filter cake that comprises 
an acid-soluble portion {e.g., calcium carbonate bridging solids) and a polymeric portion 
on the face of a portion of the subterranean formation. In most instances, once formed, 
the integrity of the filter cake should be maintained to provide the necessary fluid loss 
control and hole stability for subsequent operations. A common subsequent treatment is 
a gravel pack sand control operation that involves running a screen into the open hole 
interval, and pumping a gravel pack treatment fluid comprising gravel into the annulus 
between the screen and open hole to form a gravel pack. 

[004] Generally, at some point after the gravel pack is placed, it is desirable to 
remove the filter cake from the formation face as it may act as an impediment to the 
production of desirable fluids from the formation. However, degrading the filter cake 
may be difficult since the screen and gravel pack tend to prevent the filter cake 
degradation composition from interacting with the filter cake. Degrading the filter cake 



may be even more difficult, considering that the degradation is generally best when it is 
uniformly accomplished along what may be thousands of feet of open hole. Thus, 
because the gravel and gravel pack carrier fluid contact the filter cake uniformly across 
the entire interval, placing components with the gravel pack that are capable of ultimately 
degrading the filter cake would be desirable if such degradation could be delayed long 
enough to ensure that the placement of the gravel pack treatment is not jeopardized or 
high fluid loss rates are not incurred until the completion equipment is installed. 

[005] To degrade the acid-soluble particulate portion of the drill-in fluid filter 
cake, a conventional delayed-release acid system usually may be used. A common type 
of delayed-release acid system comprises esters that slowly hydrolyze to form acids that 
may ultimately degrade the acid-soluble portion of the filter cake. These delayed-release 
acid systems, however, can be problematic if they degrade the acid-soluble component of 
the filter cake too slowly or too quickly. Removal of only 1% to 2% of the bridging 
solids in the filter cake can result in a significant loss of fluid to the surrounding 
formation. If a delayed-release acid system is designed not to dissolve more than 1% or 
2% of the acid-soluble portion of the filter cake in a chosen period of time (e.g., a 12- 
hour period), then total removal may take days, if not weeks. This is undesirable. On the 
other hand, if a delayed-release acid system is designed to totally degrade the acid- 
soluble portion within an acceptable "total cleanup time" (e.g., 24 to 48 hours), it is likely 
to cause hole instability and potential fluid loss problems during gravel pack placement. 
To control such fast-acting delayed-release acid systems, buffers (which are mixtures of 
weak acids and their conjugate bases) may be considered to achieve a delayed interaction 
of the acid with the acid-soluble portion of the filter cake for a desired time period. 
However, such conventional buffer systems have met with little success when used with 
these delayed-release acid systems, inter alia, because the esters may undergo acid- or 
base-catalyzed hydrolysis at pHs much below or above 7. Also, conventional buffers 
may suffer when exposed to components, such as calcium carbonate, in the filter cake 
and, as a result, the acid component of the buffer may be quickly consumed. 

[006] Oxidizers have been used to degrade the polymeric portions of filter cakes 
within desired delay and total cleanup times. Since these oxidizers are not able to 
degrade the acid-soluble portion of a filter cake, the usefulness of such oxidizer systems 
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generally is limited to cases where the bridging particles that comprise the particulate 
portion of the filter cake are small enough to flow back through the screen. 

[007] Filter cake degradation compositions and methods that would accomplish 
degradation of filter cakes, both the acid-soluble portions and the polymeric portions, in a 
desired period of time without negatively impacting the integrity of the filter cakes (e.g., 
degrading more than about 1% of the acid-soluble portion) for a desired delay period 
would be desirable. 
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SUMMARY OF THE INVENTION 

[008] The present invention relates to methods and compositions for degrading 
filter cakes in subterranean formations, and more specifically, to improved methods and 
compositions for degrading filter cakes that comprise acid-soluble portions and polymeric 
portions. 

[009] In one embodiment, the present invention provides a method of 
degrading a filter cake comprising an acid-soluble portion and a polymeric portion in a 
subterranean formation comprising the steps of: introducing a filter cake degradation 
composition comprising a delayed-release acid component and a delayed-release oxidizer 
component to a well bore penetrating the subterranean formation; allowing the delayed- 
release acid component to release an acid derivative and the delayed-release oxidizer 
component to release an acid-consuming component; allowing the acid-consuming 
component to interact with the acid derivative to delay a reaction between at least a 
portion of the acid derivative and at least a portion of the acid-soluble portion of the filter 
cake and to produce hydrogen peroxide; allowing the acid derivative to degrade at least a 
portion of the acid-soluble portion of the filter cake after a delay period; and allowing the 
hydrogen peroxide to degrade at least a portion of the polymeric portion of the filter cake. 

[010] In one embodiment, the present invention provides a filter cake 
degradation composition comprising a delayed-release oxidizer component that releases 
an acid-consuming component and a delayed-release acid component that releases an 
acid derivative. 

[011] The features and advantages of the present invention will be readily 
apparent to those skilled in the art upon a reading of the description of the preferred 
embodiments, which follows. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[012] The present invention relates to methods and compositions for degrading 
filter cakes in subterranean formations, and more specifically, to improved methods and 
compositions for degrading filter cakes that comprise acid-soluble portions and polymeric 
portions. The methods and compositions of the present invention are particularly useful 
for degrading filter cakes that result from drill-in fluids, e.g., in situations wherein such 
fluids are used in unconsolidated or poorly consolidated formations. 

[013] In most embodiments, the acid-soluble portion of a filter cake may 
comprise bridging agents such as calcium carbonate, chemically bonded ceramic bridging 
agents, magnesium compounds, and the like, that are usually subject to degradation by an 
acid. The polymeric portion of the filter cake may comprise polysaccharides, such as 
xanthan, succinoglycan, guar, or starch, or any of their derivatives. This polymeric 
portion is usually subject to degradation by a peroxide. An example of such a filter cake 
is a filter cake that has been deposited by a drill-in fluid. 

[014] The filter cake degradation compositions of the present invention 
comprise a delayed-release oxidizer component that will release an acid-consuming 
component, and a delayed-release acid component that will release an acid derivative. 
When a filter cake degradation composition of the present invention has been added to a 
well bore penetrating a subterranean formation to degrade a filter cake, the acid- 
consuming component interacts with acids in such a way that the acids do not interact 
with the acid-soluble portion of the filter cake for a period of time. In effect, this delays 
degradation of the acid-soluble portion of the filter cake by the acid. Thus, the integrity 
of the filter cake may not be jeopardized for a given desired delay period. It is important 
to note that a very small percentage of the acid-soluble portion of the filter cake (e.g., less 
than about 2%) need be degraded to compromise the integrity of the filter cake. The 
reaction between the acid-consuming component and the acid derivative also generates a 
peroxide that ultimately can degrade the polymeric portion of the filter cake. For 
instance, if calcium peroxide is used, when the calcium peroxide interacts with acetic 
acid, calcium acetate and hydrogen peroxide are produced. The hydrogen peroxide then 
is able to interact with the polymeric portion of the filter cake to ultimately degrade at 
least a portion of the polymeric portion of the filter cake. 
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[015] In certain preferred embodiments, the delayed-release oxidizer 
components of the present invention comprise acid-consuming components such as 
peroxides. Suitable examples include Zn0 2 , CaC>2, and MgC>2. Generally, the delayed- 
release oxidizer component will be present in filter cake degradation compositions of the 
present invention in an amount sufficient to delay interaction between the acid derivative 
of the delayed-release acid component and the acid-soluble portion of the filter cake, and 
in an amount sufficient to produce a sufficient amount of peroxide (e.g., hydrogen 
peroxide) when reacting with the acid derivative gto ultimately degrade at least a portion 
of the polymeric portion of the filter cake. In certain embodiments, the delayed-release 
oxidizer component will comprise at least about 0.1% to about 4%, and preferably in 
some embodiments about 0.2% to about 1%, of the filter cake degradation compositions 
of the present invention. If a long delay of the interaction between the acid derivative 
and the acid-soluble portion of the filter cake is desired, more of the acid-consuming 
component may be included. However, the particular, acid-derivative component of the 
delayed release acid composition, the particular components of the filter cake, and any 
other components present (e.g., other acids) will dictate the appropriate amount to 
include. Also, the desired delay period for degrading the filter cake should be considered 
in deciding what the appropriate relative concentrations of the delayed-release acid 
component and the delayed-release oxidizer component are in a filter cake degradation 
composition of the present invention. One of ordinary skill in the art, with the benefit of 
this disclosure, will recognize the appropriate amount of each component to include for a 
desired application. 

[016] In certain embodiments, the delayed-release oxidizer components may 
also comprise inherent by-products of the manufacture of such acid-consuming 
components. Such by-products may include derivatives such as oxides and hydroxides of 
the ion, e.g., calcium oxide, zinc oxide, magnesium oxide, zinc hydroxide, calcium 
hydroxide, and magnesium hydroxide. For instance, some commercial samples of 
calcium peroxide are only about 70% pure; the remaining 30% may comprise calcium 
oxide and calcium hydroxide. These by-products also may interact with the acid 
derivative to delay interaction of the acid derivative with the acid-soluble portion of the 
filter cake. Similarly, zinc peroxide and magnesium peroxide are commercially available 
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with similar purity levels. Because of the effect that the by-products may have on the 
overall filter cake degradation, the relative purity of the acid-consuming component and 
its associated by-products should be considered. 

[017] In certain preferred embodiments, the delayed-release oxidizer 
components may be encapsulated, e.g., by a polymeric material, to delay the release of 
the acid-consuming component. Suitable examples include encapsulated ZnC>2 
particulates, encapsulated Ca0 2 particulates, encapsulated Mg0 2 particulates, or 
combinations thereof. By encapsulating the delayed-release oxidizer component, a user 
may be able to place it into a servicing fluid or directly into a subterranean formation and 
to have some time before the encapsulated material begins to substantially interact with 
the acid derivative of the delayed-release acid component. In certain embodiments, the 
encapsulated delayed-release oxidizer component is released from within the 
encapsulating membrane by diffusion. For instance, fluid may move from outside the 
membrane through the membrane coating and into the core of the particle, whereupon it 
may dissolve the delayed-release oxidizer component. The concentration of the delayed- 
release oxidizer component within the membrane slowly becomes greater than the 
concentration outside the membrane, and the acid-consuming component of the delayed- 
release oxidizer component may diffuse through the membrane, whereupon it 
subsequently interacts with the acid derivative of the delayed-release acid component. 
Encapsulating the delayed-release oxidizer component may be accomplished by any 
known method available to one skilled in the art. One suitable method involves a 
fluidized bed-coating process. Another suitable method involves spray-coating the 
encapsulating resin onto the delayed-release oxidizer component. An exemplary 
encapsulation methodology is described in U.S. Patent No. 5,373,901, assigned to 
Halliburton Energy Services, the relevant disclosure of which is incorporated herein by 
reference. For instance, the coating used to encapsulate the delayed-release oxidizer 
component may be a resin material that will degrade over time in the subterranean 
formation to release the delayed-release oxidizer and therefore the acid-consuming 
component. Suitable resins may comprise a partially hydrolyzed acrylic resin, preferably 
in an aqueous-based form, which is cross-linked with either an aziridine prepolymer or a 
carbodiimide. The term "partially hydrolyzed acrylic," as used herein, means any of the 
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vinyl acrylic latex polymers containing from about 0% to about 60% by weight 
monovinyl aromatic content as styrene; from about 5% to about 25% by weight alpha, 
beta unsaturated carboxylic acid content; and from about 15% to about 95% by weight 
alkyl acrylate or methacrylate ester content. The unsaturated carboxylic acid can 
comprise, for example, acrylic acid or methyl acrylic acid or mixtures thereof. The alkyl 
acrylate or methacrylate ester can comprise, for example, ethyl butyl or 2- 
ethylhexylacrylate, methyl, butyl, or isobutyl methacrylate or mixtures thereof. The vinyl 
acrylic latex polymers are stabilized by the addition of appropriate nonionic or 
anionic/nonionic surfactant systems in accordance with well-known methods for 
preparing and stabilizing latex polymer systems. Vinyl acrylic latex polymers of the type 
described above are commercially available from, for example, Rohm and Haas 
Company, Philadelphia, PA or S.C. Johnson Wax, Racine, Wisconsin. The aziridine 
prepolymer can comprise, for example, pentaerythritol-tris-[beta-(aziridinly) propionate]. 
The carbodiimide may comprise, for example, 1,3-dicyclohexylcarbodiimide. The 
partially hydrolyzed acrylic encapsulating material preferably is admixed with a 
particulate micron-sized material such as silica prior to or simultaneously with coating 
the delayed-release oxidizer component. The acrylic may be admixed with the 
particulate silicate in an amount such that the particulate comprises from about 0% to 
about 60% by weight of coating solids present. Other resins may also be suitable, 
including, but not limited to, polymeric materials that will degrade when downhole. The 
terms "degrade," "degradation," or "degradable" refer to both the two relatively extreme 
cases of hydrolytic degradation that the degradable material may undergo, i.e., 
heterogeneous (or bulk erosion) and homogeneous (or surface erosion), and any stage of 
degradation in between these two. This degradation can be a result of, inter alia, a 
chemical or thermal reaction or a reaction induced by radiation. Suitable examples 
include polysaccharides such as dextran or cellulose; chitins; chitosans; proteins; 
aliphatic polyesters; poly(lactides); poly(glycolides); poly(e-caprolactones); 
poly(hydroxybutyrates); poly(anhydrides); aliphatic polycarbonates; ortho esters, 
poly(orthoesters); poly(amino acids); poly(ethylene oxides); and polyphosphazenes. Of 
these suitable degradable polymers, aliphatic polyesters and polyanhydrides are 
preferred. One should note that if the encapsulating material releases an acid upon 
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degradation downhole, this generated acid derivative should be considered in the overall 
filter cake degradation process. Selection of a suitable encapsulation resin-type coating 
material may be affected by at least the temperature of the subterranean formation to 
which the fluid will be introduced. 

[018] The amount of an encapsulating coating to include can depend on the 
desired rate of release of the delayed-release oxidizer component. One of ordinary skill 
in the art, with the benefit of this disclosure, will recognize the appropriate amount of 
encapsulating material to use based on the desired rate of release of the delayed-release 
oxidizer component. In certain embodiments, the encapsulated delayed-release oxidizer 
component will have an encapsulated coating in an amount from about 10% to about 50% 
by weight of the encapsulated delayed-release oxidizer component. Preferably, the 
coating will comprise from about 20% to about 40% by weight of the encapsulated 
delayed-release oxidizer component, depending on the rate of the desired release. 

[019] In certain instances, to achieve certain beneficial effects of the present 
invention, the encapsulated delayed-release oxidizer component particulates should have 
a specific gravity that will enable them to remain in a desired location within the well 
bore. For instance, in a gravel pack application, the encapsulated delayed-release 
oxidizer component particulates should have a specific gravity that will enable them to be 
dispersed within the gravel pack, preferably uniformly. For instance, the specific gravity 
of the encapsulated delayed-release oxidizer component particulates should be high 
enough that they do not return to the surface during the operation and they do not clump 
when downhole. For example, in certain embodiments, the magnesium peroxide or the 
calcium peroxide delayed-release oxidizer components may be encapsulated and may 
have a specific gravity of about the same specific gravity of the gravel particulates in the 
gravel pack composition, preferably at least about 2, and most preferably above 2.5. 

[020] In the practice of the present invention, depending upon the temperature of 
the formation to be treated and the desired break time of the filter cake, the encapsulated 
delayed-release oxidizer component may be present in an amount of from about 0.1 to in 
excess of 50 pounds per 1,000 gallons of a gravel pack fluid. 

[021] The delayed-release acid components of the filter cake degradation 
compositions of the present invention comprise an acid derivative. Examples of suitable 
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acid derivatives include esters, such as ortho esters; poly(ortho esters); aliphatic 
polyesters; lactides, poly(lactides); glycolides; poly(glycolides); lactones; poly(e- 
caprolactones); poly(hydroxybutyrates); anhydrides; poly(anhydrides); and poly(amino 
acids). The delayed-release acid component also may comprise an esterase enzyme if 
desired. Blends of certain acid-releasing degradable materials also may be suitable. One 
example of a suitable blend of materials includes a blend of a poly(lactic acid) and an 
ortho ester. It is within the ability of one skilled in the art, with the benefit of this 
disclosure, to select a suitable acid-releasing degradable material. When used in the 
present invention, a preferable result is achieved if the acid-releasing degradable material 
degrades slowly over time as opposed to instantaneously. Even more preferable results 
have been obtained when the degradable material does not substantially degrade until 
after the subterranean treatment, such as a gravel packing or fracturing operation, has 
been substantially completed. In one embodiment, the delayed-release acid component 
may be encapsulated as described above with respect to the delayed-release oxidizer 
component. 

[022] The delayed-release acid component should be included in filter cake 
degradation compositions of the present invention in an amount sufficient to react with 
the acid-consuming component of the delayed-release oxidizer component and then 
interact with the acid-soluble component of the filter cake so as to degrade at least a 
portion of it. In some embodiments, this will be from about 1% to about 40% of the 
composition and in certain preferred embodiments, from about 5% to about 20% of the 
composition. 

[023] When the compositions and methods of the present invention are used in 
conjunction with a gravel pack operation, any particulate material suitable for use in 
subterranean gravel pack applications is suitable for use as the particulates in the 
compositions and methods of the present invention. Natural sand, quartz sand, 
particulate garnet, glass, ground walnut hulls, nylon pellets, bauxite, ceramics, polymeric 
materials, or the like are all suitable. Suitable sizes range from 4 to 100 U.S. mesh; in 
certain preferred embodiments the sizes range from 10 to 70 U.S. mesh. 

[024] In some embodiments, the filter cake degradation compositions of the 
present invention are placed into an open hole well bore containing a drill-in fluid filter 



10 



cake on the formation face in conjunction with a gravel pack treatment. The gravel pack 
fluid comprises a filter cake degradation composition of the present invention, gravel, and 
an aqueous-based fluid. Optionally, other additives typically used with a gravel pack 
treatment in such an application may be present. In most instances, it is desirable for the 
filter cake degradation composition to degrade the filter cake at some time after the 
gravel pack has been placed, e.g., more than 5 hours, rather than when the gravel pack is 
placed. This delay period will depend on particular circumstances and may range 
accordingly. This may be desirable, for example, when it is necessary to remove a gravel 
pack placement tool from the well bore. This degradation delay period, inter alia, may 
be controlled by selection of the delayed-release acid components and delayed-release 
oxidizer components and the concentration of those components in the filter cake 
degradation composition. One of ordinary skill in the art with the benefit of this 
disclosure will recognize the parameters necessary to achieve a desired degradation delay 
for a given application. 

[025] An exemplary embodiment of the present invention involves introducing 
into a subterranean formation a filter cake degradation composition comprising a 
delayed-release acid component comprising an ester or an ester plus an esterase enzyme 
formulated to provide the desired degradation of at least a portion of the acid-soluble 
portion of the filter cake, and a delayed-release oxidizer component that provides the 
acid-consuming component that will react with the acid derivative of the delayed-release 
acid component so as to delay the acid's interaction with the acid-soluble portion of the 
filter cake. The delayed-release oxidizer component may comprise encapsulated 
delayed-release oxidizer components. Materials such as urea or urea plus a urease 
enzyme also may be included. The release rate of the acid-consuming component, inter 
alia, determines the delay of the reaction between the acid derivative and the acid-soluble 
portion of the filter cake. The release rate of the delayed-release acid, inter alia, 
determines the total degradation time of the acid-soluble portion of the filter cake. 

[026] In one embodiment, the present invention provides a method of degrading 
a filter cake comprising an acid-soluble portion and a polymeric portion in a subterranean 
formation comprising the steps of: introducing a filter cake degradation composition 
comprising a delayed-release acid component and a delayed-release oxidizer component 
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to a well bore penetrating the subterranean formation; allowing the delayed-release acid 
component to release an acid derivative and the delayed-release oxidizer component to 
release an acid-consuming component; allowing the acid-consuming component to 
interact with the acid derivative to delay a reaction between at least a portion of the acid 
derivative and at least a portion of the acid-soluble portion of the filter cake and to 
produce hydrogen peroxide; allowing the acid derivative to degrade at least a portion of 
the acid-soluble portion of the filter cake after a chosen delay period; and allowing the 
hydrogen peroxide to degrade at least a portion of the polymeric portion of the filter cake. 

[027] In one embodiment, the present invention provides a filter cake 
degradation composition comprising a delayed-release oxidizer component that will 
release an acid-consuming component and a delayed-release acid component that will 
release an acid. 

[028] Thus, the present invention is well adapted to carry out the objects and 
attain the ends and advantages mentioned as well as those that are inherent therein. 
While numerous changes may be made by those skilled in the art, such changes are 
encompassed within the spirit and scope of this invention as defined by the appended 
claims. 
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